Ukrainian Programming Cup 5, 03/05/2026
Contest 1, Division 1

Problem A. The Crystal Potion Conundrum

Input file: standard input
Output file: standard output
Time limit: 2 seconds
Memory limit: 1024 mebibytes

In the grand alchemical laboratory of Crystalia, one of the most esteemed competitions among the crystal
sages is the art of potion-making. The sages aim to craft the most perfect and refined potion possible, but
there is a twist—each potion starts as a mixture of IV crystalline ingredients, and their goal is to combine
and reduce the ingredients into the smallest possible essence.

The sages have discovered a crystalline operation they can perform repeatedly on their mixture. Each
ingredient is represented by a digit in a special number. You are given this mixture as an N-digit number,
and the operation works as follows:

Choose any two positions ¢ and j in the mixture’s ingredient list. Let A; and A; represent the digits
(crystalline ingredients) at those positions. You can replace both A; and A; with the result of (4;4+A4;) mod
10. You may even select the same index for both ¢ and j, effectively transforming the single digit A; into
(AZ + Al) mod 10.

Through this powerful transformation, the sages can refine their crystal potion over and over. Their
ultimate goal is to produce the smallest possible potion mixture number that can be obtained through
any number of transformations.

You, as a seasoned crystal alchemist, must determine the smallest possible number that can be created
by performing this operation on the initial N-digit number any number of times.
Input

The first line contains a single integer N: the number of digits in the initial crystal potion mixture
(1< N <109).

The second line contains a string of length N consisting of digits from 0 to 9, representing the N-digit
crystal potion mixture. The first digit is non-zero.

Output

Output a string of length N representing the smallest possible crystal potion mixture number that can
be obtained after applying the transformation operation any number of times. The result may contain
leading zeros.

Examples
standard input standard output
1 2
7
2 00
46
Note

In the first example, there is only one digit, so the only possible operation is to choose that digit twice.
The sequence of transformations can be

7—4—8—6—2.

After that, the sequence enters a cycle, so the smallest reachable digit is 2.

In the second example, we can choose the first and second digits. They both become

(4 + 6) mod 10 = 0.
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Therefore, the whole mixture can be transformed into 00, which is the smallest possible result.
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Problem B. Prism of the Crystals

Input file: standard input
Output file: standard output
Time limit: 2 seconds
Memory limit: 1024 mebibytes

In the magical realm of Crystalia, the annual crystal festival is about to take place. The highlight of the
festival is the creation of special “prismatic crystals”, formed through an ancient art that combines three
distinct magical prime essences.

A number is called prismatic if it is the product of exactly three distinct prime numbers. For example, 30
is a prismatic number since 30 = 2 - 3 - 5, but 12 is not prismatic since it equals 2 - 2 - 3 (using the same
prime more than once).

The crystal sages of Crystalia are given a set of N crystal essence numbers, each represented by a positive
integer. Your task is to determine how many non-empty subsets of these crystal essence numbers have a
product that is a prismatic number.

Since this number can be large, you should output it modulo 10? + 7.

Input
The first line contains an integer N: the number of crystal essence numbers (1 < N < 10%).
The second line contains N integers S1,5,. .., Sy: the crystal essence numbers (1 < S; < 109).
Output
Print a single integer: the number of subsets whose product is a prismatic number, modulo 109 + 7.
Example
standard input standard output
6 6

13372113

Note
In the example, the six subsets are:
e 3,7,13

e 3,7,13 (using the second 3)

21,13

1,3,7,13

1,3,7,13 (using the second 3)

e 1,21,13
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Problem C. Crystal Triangles

Input file: standard input
Output file: standard output
Time limit: 4 seconds
Memory limit: 1024 mebibytes

In the luminous realm of Crystalia, the Crystal Sages study patterns formed by glowing crystal markers on
an ancient 2D coordinate plane. Some triples of markers form special crystalline triangles: such a triangle
must have positive area, and none of its sides may be parallel to the sacred Ox or Oy coordinate axes.

At the beginning, the plane contains no markers. Over time, markers are added to and removed from the
plane. Whenever three existing markers form a triangle with positive area (that is, the three points are
not collinear), and none of the triangle’s sides are parallel to the Ox or Oy axis, the triangle is considered
crystalline.

Your task is to process () updates, each of which either adds or removes one point from the plane. After
every update, report how many crystalline triangles exist at that moment. Can you help the Crystal Sages
keep their atlas up to date?

Input

The first line contains an integer @: the number of updates (1 < @ < 3000).

Each of the next @ lines contains three integers T', X, and Y: the type of the update and the coordinates
of the point on the plane (1 < X,Y < 10°).

e T =1 means adding the point (X,Y).
e T =2 means removing the point (X,Y).
e A point will not be added if it already exists on the plane.

e A point will not be removed unless it already exists on the plane.

Output

For each update, after executing the update (either adding or removing a point), output the number of
crystalline triangles formed by the points on the plane, as described above.

Example
standard input standard output

6 0

112 0

121 1

133 1

111 4

145 2

221
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Problem D. The Great Crystal Hunt

Input file: standard input
Output file: standard output
Time limit: 2 seconds
Memory limit: 1024 mebibytes

In the heart of the Crystalia, two rival crystal seekers, Kael and Mira, are about to embark on a grand
hunt across the mysterious Crystal Caverns. These caverns are represented as a network of chambers
connected by bidirectional tunnels, forming a cactus graph, which the locals call the “Crystal Cactus”.

A cycle in a graph is a path that begins and ends at the same chamber, passing through a sequence of
tunnels. In the Crystal Cactus, a key rule is that each tunnel can be part of at most one cycle.

Kael and Mira start their hunt together from the entrance chamber, labeled as chamber 1, and their
ultimate goal is to reach the prized exit chamber, labeled as chamber N. The hunt, however, is no
ordinary race. As they traverse the Crystal Caverns, the tunnels connecting chambers collapse behind
them. Each tunnel holds crystal shards, which are claimed by the seeker who travels through that tunnel.

The rules of the hunt are simple:

e Kael moves first, followed by Mira, and they alternate turns. During a move, a seeker can move
along a tunnel to an adjacent chamber.

e When a seeker moves through a tunnel, they collect the crystal shards from that tunnel, and the
tunnel collapses behind them.

e Both seekers will aim to reach the exit chamber N, but they also seek to collect as many crystal
shards as possible along the way.

e A seeker can choose not to move on their turn.

e Once a seeker reaches chamber N, they can continue moving without the need to return to the exit
chamber, but they can no longer collect any crystal shards (the tunnels they pass through
still collapse behind them).

The hunt concludes when both seekers reach chamber N, or it is clear that one of the seekers can no
longer reach chamber N. The outcome is determined as follows:

o If Kael has reached chamber N while Mira has not, the outcome is a “Win” for Kael.

e If Mira has reached chamber N while Kael has not, the outcome is a “Loss” for Kael.

o If neither of them has reached chamber N, the outcome is a “Tie”.

o If both Kael and Mira have reached chamber N, the outcome is the difference between the number
of crystal shards collected by Kael and the number of crystal shards collected by Mira.

Both Kael and Mira are expert crystal seekers, and thus they will always play optimally. The goal of
a seeker is to reach the exit chamber while, if possible, blocking the other seeker. If it’s not possible to
prevent the other seeker from reaching chamber N, then the seeker will aim to maximize their number of
crystal shards.

Can you determine the outcome of this great hunt?

Input
The first line contains two integers N and M: the number of chambers and the number of tunnels
(2<N<3-10°50< M <6-10°).

Each of the next M lines contains three integers U, V', and W: the two chambers connected by a tunnel
and the number of crystal shards in that tunnel, respectively (1 < U,V < N, U #V,1 < W < 105). In
the graph, no edge belongs to more than one cycle.
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Output

Print:

“Win” if Kael can ensure Mira doesn’t reach chamber IV while Kael reaches it.
“Loss” if Mira can ensure Kael doesn’t reach chamber N while Mira reaches it.
“Tie” if neither Kael nor Mira can reach chamber N.

The difference between Kael’s and Mira’s optimal scores if both reach chamber N.

Examples

standard input standard output
Tie

© N 01 O

Win

~N 01 N O X

= O R, WN R O0WW RN OO WP, O
G 00 U 0 WN NOTLOTWWNOHO O~ W N o
~N N O OO

11

Note

In the first example, none of the seekers have a possible path from chamber 1 to chamber N, so the result
is a tie.

In the second example, Kael first uses edge (1,3) to go to chamber 3, then uses one of the edges (3,5)
to go to chamber 5, and finally uses the other edge (3,5) to go back to chamber 3 and block Mira from
reaching chamber 5. Note that this example shows that there may be multiple edges as long as the cactus
property is held.

Meanwhile, Mira cannot get to the edges (3, 5) fast enough, as she has to use 2 turns to reach chamber 3
using edges (1,2) and (2, 3).

In the third example, the optimal game plays out as follows:

Kael uses edge
Mira uses edge
Kael uses edge (4,

(1,4) and collects 8 crystal shards.
(1,2
(4,5
Mira uses edge (2,3
(5,8
(3,8

4)

) and collects 4 crystal shards.
) and collects 2 crystal shards.
)
)

)

)

and collects 6 crystal shards.
and collects 7 crystal shards.
,8) and collects 5 crystal shards.

Kael uses edge
Mira uses edge

)

The dead-end edge (1,6) cannot help either seeker reach chamber 8, so it is ignored under optimal play.
After both seekers have reached chamber 8, the hunt ends. In the end, Kael has collected 17 crystal shards,
while Mira has collected 15 crystal shards, making the difference between them equal to 2.
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Problem E. Crystal Vista

Input file: standard input
Output file: standard output
Time limit: 2 seconds
Memory limit: 1024 mebibytes

In the enchanted realm of Crystalia, the grand Crystal Cup is not only a competition for programmers
but also an annual festival for all its citizens. This year, the ancient Crystal Tree in the middle of the
city is shining brighter than ever. Legends say that the Crystal Tree’s radiance is proportional to the
happiness level of the people.

The Crystal Tree is unique: it is an ethereal tree with N nodes, and each node has a height denoted in
Crystal Units (CU). During the festival, M citizens of Crystalia have decided to climb the tree to get a
better view of the magical fireworks scheduled for the evening. The rule for moving is simple: you can
only move from a lower node to a strictly higher node. This is because moving upward gives you a better
vantage point for the fireworks. Each person can move any number of times, provided that each move
increases their height.

The citizens are filled with joy, but they are also greedy for a better view. They want to strategize their
climbing such that the minimum height of a node where any person is standing is maximized. They want
to be as high as possible, but they also want to ensure everyone gets a good view!

Oh, did we forget to mention? The Crystal Tree also has T crystal portals stationed at various nodes.
These portals are a gift from the Crystal Elders and can teleport any one person standing on them to any
other node in the tree. The catch? Each crystal portal can only be used once.

Can you help the citizens of Crystalia find the best way to climb the Crystal Tree for a grand view of the

fireworks?

Input
The first line contains three integers N, M, and T": the number of nodes in the Crystal Tree, the number
of people, and the number of crystal portals (1 < N, M, T < 10%).

The second line contains N integers Hi, Ho,...,Hpy: the height of each node in Crystal Units
(1< H; <10°).

Each of the next N—1 lines contains two integers U and V': two nodes connected by an edge (1 < U,V < N,
U # V). The resulting graph will be a tree: connected and containing no cycles, loops, or duplicate edges.

The next line contains M integers Pp, Ps,..., Py: the initial nodes where the people are standing
(1< P <N).
The last line contains T integers t1, to, . .., t7: the nodes where the crystal portals are located (1 < t; < N).

Multiple people or crystal portals can be located at the same node.

Output

Print a single integer: the maximum height that can be achieved such that every person is standing at
that height or higher at the end of the moving process.
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Examples

standard input standard output

=N
N
=
(o]
ol

o1

~N P, WO, NDE OO
BN OO WD N W

6 11
11 6 5 515 42

< B N N N R RS
, W N oW

~N O
~N w

Note

In the first example:

e The person at node 5 can directly move to node 6, which has the highest height of 5.

e The person at node 4 can move to node 1 and then use the crystal portal at that node to get to
node 6.

e The person at node 3 can move to node 2 and then use the crystal portal at that node to get to
node 6.

In the second example, the three people initially at nodes 3 and 4 cannot reach node 7 (with height 42)
without using crystal portals. They can all reach node 1, which contains 2 crystal portals; however, this is
not enough to transport all 3 of them to node 7. Since none of them can reach any other crystal portals,
it is not possible to reach height 42. Height 11 is possible without using any crystal portals: people at
nodes 3 and 4 can reach it, while the person at node 6 can choose whether to go to node 1 or node 7.
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Problem F. Crystal Hero's Journey

Input file: standard input
Output file: standard output
Time limit: 2 seconds
Memory limit: 1024 mebibytes

In the mythical Crystalia, where the magical Crystal Cup takes place, stands the ancient Crystal Tree.
This enchanted tree is not just a colossal plant: hidden inside it is a vast labyrinth of chambers filled with
radiant crystal elixirs and guarded by formidable creatures. Each chamber acts like a node in a tree data
structure, and all nodes are connected in a hierarchy rooted at the Grand Crystal Chamber, identified as
node 1. Somewhere within this complex maze of wonders is our valiant hero, intent on gathering as much
strength as possible.

Our hero has a specific pattern of movement within the tree: he can traverse to any adjacent chamber,
but he must always be moving farther away from the Grand Crystal Chamber (node 1). Upon entering
chamber ¢, he encounters a crystal elixir that can increase his strength by S;. But beware: some chambers
are guarded by fearsome crystal guardians that the hero must first conquer! Defeating the guardian at
chamber ¢ decreases the hero’s strength by M;, and this, of course, means that the strength at the start
of the battle should be at least M;.

Here’s where you come in: the hero faces multiple scenarios that require him to navigate the Crystal Tree
from various starting points and with differing initial strength levels. Your mission is to guide him so that
he finishes with the maximum possible strength in each scenario. It is crucial to note that each scenario
is independent: the elixirs consumed and guardians defeated in one journey won’t carry over to the next.

Also, in each scenario, the hero begins his quest in a specified chamber A; with initial strength X;. He
may choose to remain in the starting chamber or even exit the tree immediately, thus maintaining his
starting strength. If he decides to proceed, and the starting chamber is guarded by a crystal guardian,
the hero must first vanquish this guardian before drinking the crystal elixir. After overcoming this initial
hurdle, he can move to adjacent chambers with the aim of maximizing his ending strength. He may stop
at any point in his journey; however, the end goal is to maximize his final strength.

Input

The first line contains two integers N and @): the number of nodes (chambers) in the Crystal Tree and
the number of queries (scenarios), respectively (1 < N,Q < 10°).

Each of the next N —1 lines contains two integers U and V': two nodes connected by an edge (1 < U,V < N,
U # V). The resulting graph will be a tree: connected and containing no cycles, loops, or duplicate edges.

The next line contains NV integers Sp, So, ..., SN, where S; indicates the strength provided by the crystal
elixir in chamber i (0 < S; < 10%).

The following line contains IV integers My, Mo, ..., My, where M; indicates the strength needed to defeat
the crystal guardian in chamber i (0 < M; < 10%; if M; = 0, it means the chamber is unguarded).

Finally, @ lines follow, each containing two integers A; and X, representing a query (scenario). The hero
starts his journey in chamber A; with an initial strength of X; (1 < 4; < N, 0 < X; < 10'4),

Output

For each of the ) queries, output a line with a single integer representing the maximum strength the
hero can accumulate by the end of his journey. Remember, the hero may choose to stop at any chamber
or even exit the tree before entering the starting chamber, but the ultimate goal is to maximize his final
strength.
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Example

standard input standard output
33 3
12 7
13 2
153
132
12
15
22
Note

Here are the optimal strategies for the example.
Strategy for Query 1 (1,2):

1. Defeat the guardian at node 1 (requires 1 strength). Remaining strength: 2 — 1 = 1.
2. Drink the crystal elixir at node 1 (+1 strength). Resulting strength: 1 + 1 = 2.

3. Move to node 3.

4. Defeat the guardian at node 3 (requires 2 strength). Remaining strength: 2 — 2 = 0.
5. Drink the crystal elixir at node 3 (+3 strength). Resulting strength: 0 + 3 = 3.

Strategy for Query 2 (1,5):

1. Defeat the guardian at node 1 (requires 1 strength). Remaining strength: 5 — 1 = 4.
2. Drink the crystal elixir at node 1 (+1 strength). Resulting strength: 4 + 1 = 5.

3. Move to node 2.

4. Defeat the guardian at node 2 (requires 3 strength). Remaining strength: 5 — 3 = 2.
5. Drink the crystal elixir at node 2 (+5 strength). Resulting strength: 2 +5 = 7.

Strategy for Query 3 (2,2):

1. The only course of action here is for the hero to retain his starting strength. Since the strength
required to defeat the guardian at node 2 is 3 and the hero has only 2, he cannot defeat it. He
cannot drink the crystal elixir either.
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Problem G. Crystal Bot's Odyssey

Input file:
Output file:
Time limit:
Memory limit:

standard input
standard output
4 seconds

1024 mebibytes

In the radiant realm of Crystalia, the land is arranged as a grid of N rows and M columns. Each cell of
this crystal grid has one of the following forms:

o (rystal Wall, denoted by “#”, an impassable barrier that cannot be crossed.

e (rystal Passage, denoted by “.”, an open cell through which one may travel freely.

e [nergy Crystal, denoted by “C”, a cell where a Crystal Bot instantly restores its battery to full

strength.

A Crystal Bot starts its journey in a specific Crystal Passage or Energy Crystal cell. In one step, it may
move to any of the four neighboring cells: north, south, east, or west. Each step consumes one unit of
battery charge. The Crystal Bot can make at most K moves before its battery becomes empty. Whenever
it steps onto an Energy Crystal, its battery is immediately recharged to full capacity, so it may continue
travelling. Moving into a Crystal Wall is not allowed.

Your task is to determine, for every possible starting cell, the maximum Manhattan distance from the
starting cell to any cell that the Crystal Bot can reach. If the starting cell is a Crystal Wall, the answer
for that cell is —1.

The Manhattan distance between two cells located at (x1,y1) and (22, y2) is defined as |z —xa|+ |y1 — y2|.
This distance is measured only by coordinates and does not take Crystal Walls into account.
Input

The first line contains three integers N, M, and K: the number of rows, the number of columns, and the
maximum number of moves a Crystal Bot can make before it needs to recharge (1 < N, M, K < 300).

Each of the next N lines contains a string of M characters representing the crystal grid. Each character
is either “.” for a Crystal Passage cell, “#” for a Crystal Wall, or “C” for an Energy Crystal.

Output

Output N lines, each containing M space-separated integers. For each cell of the grid, if the cell is a
Crystal Wall, output —1; otherwise, output the maximum Manhattan distance from this cell to any cell
reachable by the Crystal Bot under the movement and recharging rules.

Example
standard input standard output
331 131
-1 2 -1
#C# 323
.C.
Note

Say that (R, C) denotes the cell in row R, column C. In the example, the farthest cells the Crystal Bot
can reach from each starting cell are as follows:

e From cells (1,1) and (1,3), the farthest cell is (1,2) before the battery runs out.

e From cell (2,2), one of the farthest cells is (3, 1), reached by using both Energy Crystals along the
way.

e From cells (3,1) and (3, 3), the farthest cell is (1,2) before the battery runs out.

e From cell (3,2), the farthest cell is (1,2).

e From cell (1,2), the farthest cells are (3,1) and (3, 3).
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Problem H. Deep Dive into Crystalia

Input file: standard input
Output file: standard output
Time limit: 3 seconds
Memory limit: 1024 mebibytes

In the mystical underground realm of Crystalia, cities are built inside giant crystal chambers
interconnected by shimmering tunnels. These chambers, numbered from 1 to N, form a magnificent
tree structure rooted at the Central Crystal Chamber 1. The residents of Crystalia thrive in harmony,
with each chamber ¢ sheltering P; inhabitants.

The crystal chambers are connected by N — 1 tunnels that allow one to get from any chamber to any
other chamber. Citizens travel through these tunnels to explore the depths of their radiant world.

One fateful day, the royal family discovers that the heir to the Crystal Throne has gone missing! The
last sighting places the heir somewhere within the depths of the subtree rooted at chamber X. A subtree
rooted at chamber X includes chamber X and all chambers that can be reached by moving away from the
Central Crystal Chamber starting from X. Time is of the essence, and the royal guards must act swiftly.

As the chief of security, you have been assigned K elite search teams. Fach team can embark on a mission
starting from chamber X, traversing any path moving away from the Central Crystal Chamber. Each
mission involves moving through a sequence of chambers; examining the inhabitants in each chamber
along the way to locate the heir.

Your mission is to devise a search strategy that maximizes the probability of finding the heir using the K
search teams. The heir remains in the same chamber during your search efforts.

Since the heir could be hiding anywhere, they are equally likely to be any one of the inhabitants within
this subtree. Thus, the probability that the heir is in a particular chamber is proportional to the number
of inhabitants in that chamber.

Note that visiting the same chamber multiple times does not increase the chance of finding the heir, as
they do not move between chambers during the search.

There are @ such scenarios. Each scenario is independent, and for each one, you are given the starting
chamber X and the number of search teams K. Can you calculate the highest probability of finding the
heir with your optimal search strategy for each scenario?

Input

The first line contains two integers IV and @Q: the number of crystal chambers and the number of scenarios
(1< N,Q <3-10%).

The second line contains N integers Pp, Ps,..., Py: the number of inhabitants in each chamber
(1< P, <109).

Each of the next N — 1 lines contains two integers U and V: two chambers connected by a tunnel
(1< U,V < N,U #YV). The resulting graph will be a tree: connected and containing no cycles, loops, or
duplicate edges.

Fach of the next @ lines contains two integers X and K: the starting chamber for the search and the
number of search teams available (1 < X, K < N).

Output

For each scenario, output a single real number between 0 and 1, representing the highest probability of
finding the heir with optimal search paths. Your answer will be considered correct if its absolute or relative
error does not exceed 1077,
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Example
standard input standard output

6 6 0.5000000000
110 10 10 5 6 0.7619047619
56 1.0000000000
12 1.0000000000
32 1.0000000000
51 1.0000000000
2 4
11
12
13

2 2
51

46

Note

Here is an explanation for the example.

During the first scenario, a search team can be sent on the path 1 — 2 — 3, searching a total of
21 inhabitants out of the 42 inhabitants living in the crystal tree, making the probability of finding
the heir equal to 50%.

During the second scenario, one search team can be sent on the path 1 — 2 — 3, while the second
team can be sent on the path 1 — 5 — 6, searching a total of 32 inhabitants out of the 42 inhabitants
living in the crystal tree, making the probability of finding the heir approximately 76%.

During the third scenario, all 42 inhabitants can be searched using 3 search teams.

During the fourth scenario, all 30 inhabitants can be searched using 2 search teams.

During the fifth scenario, all 11 inhabitants can be searched using the single search team provided.
During the sixth scenario, all 10 inhabitants can be searched using a single search team, leaving the
other 5 search teams with nothing to do.
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Problem |. The Great Crystal Bridge Network

Input file: standard input
Output file: standard output
Time limit: 5 seconds
Memory limit: 1024 mebibytes

The Crystalia was once an archipelago of N cities scattered across the radiant Crystal Sea. For centuries,
the royal crystalwrights constructed M bridges between these cities, forming a grand network of shining
routes. However, every bridge had its own properties: some remained stable only during certain years,
while others could withstand only a limited amount of weight. As the centuries passed, many ancient
bridges faded, cracked, or collapsed, leaving historians and adventurers puzzled about the true state of
the Crystalia’s transportation system at any given moment in history.

Your task is to uncover the secrets of this old bridge network. You are given a historical record of the
bridges that once connected the cities. Each record specifies the two cities joined by a bi-directional bridge,
the years during which the bridge was operational, and the maximum weight it could support. Now, as
a curious adventurer, you must answer () questions about whether travel between two cities was possible
in specific years, given the weight of your trusty Crystal Wagon.

Input

The first line contains three integers N, M, and @Q: the number of cities, the number of bridge records,
and the number of queries, respectively (2 < N <5-10% 1 < M,Q < 10%).

Each of the next M lines contains five integers: U, V, W, Yy, and Yo (1 < U,V < N, U #V,1 < W < 107,
1 <Y; <Y; <10%. They mean a bridge between city U and city V existed from year Y; to year Y5 (both
inclusive) and could carry at most W weight.

Each of the next @ lines contains four integers: U, V, W, and Y (1 < U,V < N, U #V,1<W < 107,
1 <Y <10%). They mean you must determine if a Crystal Wagon of weight W could have traveled from
city U to city V during year Y.

Output
For each query, output a line with the answer: “Yes” if travel is possible, or “No” otherwise.
Example
standard input standard output

455 Yes

12513 Yes

121035 No

13612 No

23825 Yes

24723

1462

1385

3483

12102

2351
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Problem J. Crystal Belt Frenzy

Input file: standard input
Output file: standard output
Time limit: 4 seconds
Memory limit: 1024 mebibytes

In the vast realm of the Crystalia, the most advanced transportation method is the Crystal Belt system:
a collection of N shimmering conveyor belts that can whisk crystal orbs through the air in no time. The
Kingdom'’s engineers have long perfected the art of using these crystal-powered belts to transport goods
and people across various platforms floating high above the ground.

However, a new challenge arises: the annual Crystal Cup competition! A total of () competitors are tasked
with finding the fastest way to drop crystal orbs from platforms suspended high above the ground to the
ground itself. Fach competitor must carefully plan how to optimize the use of existing Crystal Belts and
augment the system with old, slower belts to minimize the time it takes for the crystal orb to fall.

Here is how the Crystal Belt system works:

e Crystal Belts are straight horizontal segments, positioned at various heights above the ground,
parallel to the x-axis. Each belt stretches between two points on the x-axis (while not including
the two points themselves), and if a crystal orb lands on a belt, it will be transported either to its
leftmost or rightmost point.

e None of the existing Crystal Belts overlap, but they can share the same endpoints. If two Crystal
Belts share the same endpoint, the crystal orb will fall between the two Crystal Belts at that shared
endpoint.

e Some belts are faster, while others are slower. Each belt has a pace (inverse to speed), denoted in
seconds per meter.

e The ground layer is at y = 0, while Crystal Belts float at positive y coordinates.

e Once a crystal orb leaves a belt, it enters free fall and descends at a pace of 1 second per meter.
Any horizontal momentum that the crystal orb may have had while traveling on a belt vanishes
instantly, and the crystal orb falls directly downward.

e You, as the competitor, have access to an infinite number of older Crystal Belts of any imaginable
size, which move at a fixed pace of K seconds per meter. These belts can be placed at any real x
and y coordinates, can have any length, can move in either direction, and you can strategically use
them to speed up the crystal orb’s descent.

e [t is guaranteed that any already existing Crystal Belts will be faster than the older Crystal Belts
you can place.

e The new Crystal Belts you place cannot overlap with any already existing or other newly placed
Crystal Belts but can share endpoints and can be arbitrarily close vertically since the Crystal Belts
have no thickness.

For each competitor, you are given the starting position of a crystal orb (X,Y’). Your task is to determine
the minimum time needed for the crystal orb to drop from that point in the air to the ground, using both
the existing and newly placed belts wisely. Each competitor may place new belts independently of the
others. In other words, newly placed belts vanish before the next competitor begins their turn.

Input

The first line contains three integers N, @}, and K: the number of initially placed Crystal Belts, the
number of competitors, and the pace of the older Crystal Belts measured in seconds per meter, respectively
(1<N,Q<2-10° 5 < K <10°).
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Each of the next NV lines contains four integers Y, X, X2, and T": the height of the belt above the ground,
the left and right endpoints of the belt on the x-axis, and the time it takes for the belt to move the crystal
orb one meter, respectively (1 <Y <1061 < X; < X3 <2-10°, K <T < K, T #0). A negative T
means the belt moves to the left, and a positive T" means it moves to the right. None of the N existing
Crystal Belts will overlap, but they can have the same endpoints.

Each of the next @ lines contains two values X and Y': the starting x-coordinate of the crystal orb which is
an integer and the starting y-coordinate of the crystal orb which is an integer plus 0.5 (in other words, the
crystal orb starts between two levels of belts). The constraints are: 1 < X < 2-10%, 0.5 <Y < 1000000.5.

Output

For each competitor, output a single real number: the minimum time it takes for the crystal orb to fall
from the starting point (X,Y’) to the ground at y = 0. Your answer will be considered correct if its
absolute or relative error does not exceed 10712,

Example
standard input standard output
5 3 100 3901.5
11 100 99 559.5
10 1 50 -1 208.5

3 1000 1005 -1
3 1005 1008 -1
2 1000 1100 99
40 1.5

55 10.5

1007 3.5

Note

In the example, the three competitors can use the following constructions (note that they are not the only
optimal ones):

e The first competitor can place an additional Crystal Belt from point (1,1.1) to (41,1.1) going
to the left (with pace —K). This will make the crystal orb fall to this new belt, travel along
it from X = 40 to X = 1 and then drop straight down to the floor, taking a total time of
0.4+ (40— 1) - K + 1.1 = 3901.5 seconds.

e The second competitor can place a new Crystal Belt from point (49.999...,10.1) to (56, 10.1) going
to the left (with pace —K). This will make the crystal orb fall to this new belt, travel along it from
X =55t0 X =49.999... and fall down to the belt at Y = 10. This belt will take the crystal orb
from X =49.999... to X = 1 with pace —1, after which it will fall down to the ground. The total
time is 0.4 4 (55 —49.999...) - K + 0.1+ (49.999 ... — 1) - 1 + 10 = 559.5 seconds.

e The third competitor wants to avoid the crystal orb falling to the Crystal Belt at Y = 2, as it
is a very long and slow belt, so they should use the Crystal Belts at ¥ = 3 and newly placed
Crystal Belts to get the crystal orb to X = 1000. The problem is that they cannot use both Crystal
Belts at Y = 3 since Crystal Belts cannot overlap, and the crystal orb will fall through the gap at
X = 1005. The best strategy is to place a new Crystal Belt at Y = 3.1 from X = 1004.999... to
X = 1008 going to the left, let the crystal orb fall to the Crystal Belt at Y = 3 from X = 1005
to X = 1000, travel along it, and then fall to the ground at X = 1000. This would take a total of
0.4+ (1007 — 1004.999 . ..) - K + 0.1 4+ (1004.999 ... — 1000) - 1 4+ 3 = 208.5 seconds.
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Problem K. Crystal Matrix Balancer

Input file: standard input
Output file: standard output
Time limit: 2 seconds
Memory limit: 1024 mebibytes

Every year, the Crystalia unveils its spectacular Crystal Matrix in the Grand Square, where each cell
represents the radiance of a particular city within the kingdom. The radiance is quantified in Crystal
Points (CP).

As the Royal Advisor of Crystal Metrics, you have identified an imbalance in the kingdom’s Crystal
Matrix. While some cities shine with abundant radiance, others remain dim. Your task, bestowed upon
you by the King, is to ensure that the sum of CP of all the cities in each row and each column becomes
the same.

You have an N x M matrix of numbers A; ;, each representing the Crystal Points for the corresponding
city. To restore balance, you are permitted to perform a Crystal Operation at most 2 - (N + M) times.
The Crystal Operation is defined as follows:

e Pick a cell A4;; from the matrix and choose a value V.
e Subtract V' from all the edge-connected neighbors of A; ;.
e Add the subtracted values to A; ;.

It is crucial to note that the total sum of Crystal Points across the entire matrix will always remain
constant after each Crystal Operation. Your goal is to perform a sequence of Crystal Operations, of
length at most 2 - (N + M), to ensure that the sum of CP for all the cities in any given row is equal to
the sum of CP for the cities in any other row, and the sum of CP for all the cities in any given column is
equal to the sum of CP for the cities in any other column. If this is unattainable, please indicate so.

Input
The first line contains two integers N and M: the number of rows and columns in the Crystal Matrix
(1< N,M <10%).

Each of the next N lines contains M integers: the initial Crystal Points A;; for each city
(=103 < A4;; < 10%).

Output

If it is impossible to balance the matrix, output a single line containing —1.

Otherwise, first output a line with a single integer K, the number of Crystal Operations you performed
(0 < K <2-(N+ M), you don’t have to minimize it). Then output K lines, each in the format
“R; C; V", where the integers R; and C; represent the 1-based coordinates of Ag, ¢, you picked for the
i-th operation, and the integer V; is the value V used in that operation (1 < R; < N, 1 < C; < M,
—5-101 <V; <5-101).

Example
standard input standard output
23 2
033 13 -1
4 -1 3 23 -1
Note

. . 0 4 1
In the example, after the first operation, the matrix looks as follows: ( 4 1 a >
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_ . 0 4 2
After the second operation, the matrix looks as follows: < 4 0 2 )

The column sum for every column is 4, while the row sum for every row is 6.
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Problem L. Elastic Crystal Ribbon Odyssey

Input file: standard input
Output file: standard output
Time limit: 3 seconds
Memory limit: 1024 mebibytes

In the radiant and magical Crystalia, there is an annual celebration called the Crystal Festival. The
highlight of this festival is the traditional game of Crystal Ribbon. For the game, master crystal weavers
create elastic ribbons made of a mysterious and stretchable crystal fiber drawn from the heart of the
Crystal Peaks.

For this year’s competition, you have been tasked with a grand challenge: the Crystal Pillars. These pillars
are situated on a 2D plane and have been crafted by Crystal Artisans, who imbued each of them with
magical properties. The pillars are arranged in such a way that no three of them are collinear. You have
a piece of the magical Crystal Ribbon that can stretch up to a maximum length of M.

Your mission, should you choose to accept it, is to wrap the Crystal Ribbon around as many pillars
as possible to form an elastic enclosure. The more pillars you encapsulate inside the ribbon or on its
boundary, the more crystal energy you harness from them. The elastic band must form a polygon without
self-intersections.

There are Q queries with different lengths M, and for each query, you have to figure out how many pillars

you can encapsulate at most while abiding by the elasticity constraints of the Crystal Ribbon.

Input

The first line of the input consists of a single integer N, the number of Crystal Pillars (1 < N < 100).

Each of the next N lines contains two integers x; and y;: the coordinates of the i-th Crystal Pillar on the
2D plane (0 < x;,7; < 10%). No two pillars coincide (have the same x; and y; values). No three pillars are
collinear (lie on the same line).

The next line consists of a single integer @, the number of queries (1 < Q < 109).

Each of the following @ lines consists of a real number M; with at most 6 digits after the decimal point:
the maximum stretchable length of the elastic ribbon for that query (0 < M; < 10%).

It is guaranteed that if some M; would be smaller by 1075 or bigger by 1079 the solution for the i-th
query would not change.

Output

For each query, output a single integer representing the maximum number of pillars you can encapsulate
within the given stretchable length M; of the Crystal Ribbon.

Example

standard input standard output
6 1
55 4
23 6
32
15
61
11
3
1
10
21.1
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Note

In the example above, we will label the points with numbers 1,...,6 based on the input order.

For the first query, we can stretch the ribbon around any one point, the length of the ribbon is 0, and it
encapsulates a single point.

For the second query, we can stretch the ribbon around points [6, 3, 4], to form a triangle that also contains
point 2. The ribbon has a length of approximately 9.84162.

For the third query, one possible solution is to wrap the ribbon around points [6,5,2,1,3]. This
arrangement encapsulates all 6 points with a total length of approximately 21.07769.
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